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Jen-Leih Wu, Wei-Jen Chao and Ya-Li Hsu (1986) Analysis of muscular pro- 
teins of tilapia by high-performance liquid chromatography. Bull. Inst. Zool., Academia 
Sinica 25(2): 105-111. The separation of protein mixture was performed by high- 
performance liquid chromatography (HPLC) with a combination of protein PAK 
125 and protein PAK 300 SW columns. The effects of pH and ionic strength of 
different buffer systems on the separation of eight standard proteins (MW: 500- 
450,000) were investigated. The best buffer condition is 0.25M phosphate buffer, 


pH 6.0 with a flow rate of 1 ml/min. 


tilapia was also analyzed in these HPLC columns. 


The elution pattern of muscular protein of 


The calculation of molecular 


weight of each muscular protein was based on standards elution curve. The relative 
amount of each muscular protein was also determined. 
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dire become one of the most im- 
portant fresh water aquaculture in Taiwan, 
its production is next to milkfish’s (Schoom- 
bee 1979, Taiwan Fisheries Bureau, 1982). 
The annual production of tilapia in Taiwan 
was increased rapidly. During the ten con- 
secutive years, its annual productions were 
13,000 tons in 1974, 22,000 tons in 1977 
(Schoombee, 1979), 48,500 tons in 1981 (Tai- 
wan Fisheries Bureau, 1982), 28,877 tons in 
1982, and 30,382 tons in 1983. This steady 
increase of tilapia culture was due to the 
applications of all-male hybrids breeding be- 
tween male Oreochromis aureus and female 
O. niloticus (Hepher and Pruginin, 1982; 
Pruginin et al., 1975).: Red tilapia O. moss- 
ambicus were early culture species and also 
spread widely. Therefore, the identification 


and the maintenance of pure stock are the 
basic prerequisite for tilapia culture. The 
morphological examination is the traditional 
method to identify the tilapia species. How- 
ever, people were always confused by the 
hybrids of tilapia. Since the farmers did not 
pay much attention on controlling the pro- 
duction and the maintanence of a pure stock. 
Thus, the identification of the tilapia species 
becomes more difficult. A more accurate 
method for species identification need to be 
established. 

The species identification by isozyme and 
protein electrophoresis has been widely appled 
in fish (Morgan and Ulanowicz, 1976; Yeard- 
ley and Hubbs, 1976). The specific characters 
of tilapia species from different organs have 
been fully established by esterase isozymes 
(Herzberg, 1978; Wu and Wu, 1983). High- 
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performance liquid chromatography (HPLC) 
with gel permeation columns has been used 
in the analysis of many biological substances, 


such as polypeptides, proteins, lipoproteins 
and enzymes (Hashimoto, ef al. 1978; Im- 
amura, et al. 1979; Krstuloric, et al. 1979; 


Mabuchi and Nakahashi, 1981; Okazaki, et al. 


1980; Ratge and Wisser, 1982). In this paper, 


we have investigated the effects of pH and 
ionic strength of different buffer systems on 
the separation of 8 standard proteins with an 
MW ranged from 500 to 450,000 in HPLC. 
The molecular weight of each muscular pro- 
tein of tilapia was calculated from the elu- 
tion pattern in HPLC with 0.25M phosphate 
buffer, pH 6.0. The relative amount of each 
muscular protein in total tilapia muscle was 
also determined. 


MATERIALS AND METHODS 


Muscular Proteins preparation 


Tilapia hybrids between male O. aureus 
and female O. niloticus were used. the dorsal 
muscle of tilapia was excised from fresh fish 
and homogenized with two volumes of 0.1M 
‘Tris-HCI buffer, pH 8.0. Then the homogenate 
was centrifuged at 12,100 xg for 20 min, at 
4°C. The supernatant was filtered through 
0.45 um filter (Millipore, Bedford, MA) and 
stored at 4°C for HPLC analysis. 


Standard proteins and nucletide 


Eight different known molecular weight 
proteins were separated into 2 groups. Group 
A protein mixture contained ferritin, 450,000; 


aldolase, 158,000; ovalbumin, 45,000; and 
cytochrome c, 12,500. Group B mixture: 
catalase, 240,000; albumin, 68,000; chymo- 


trypsin, 25,000; and adenosine triphosphate. 507. 


Elution Buffers 


Six different concentrations and different 
pH of phosphate buffers were used: (1) 0.25 
M phosphate buffer, pH 4.43; (2) 0.25M 
phosphate buffer, pH 6.0; (3) 0.25M _ phos- 
phate buffer, pH 6.89; (4) 0.067 M phosphate 
buffer, pH 6.74, containing 0.3M NaCl; (6) 
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0.25 phosphate buffer, pH 6.94, containing 0.1 
M CH:COONa. Two sodium acetate buffers 
were used: 0.15 M CH;COONa, pH 7.89. 0.1 
M ammonium acetate beffer, pH 6.94, and 
0.1 M sodium sulfate buffer, pH 5.9, were used 
too. All of these buffers were filtered through 
a 0.45 um filter (Millipore, Bedford, MA) 
before use. 


High-performance liquid chromatography 


The apparatus is consisted of a Waters 
Assoc. Model 680 automatic gradient con- 
troller, a Model 510 pump, a Model 441 UV 
detector, and a Model 730 data module. 
The gel filtration columns used were a 
sequential connection of protein PAK 125 
(7.8mm xX30cm, MW 1,000-80,000) and pro- 
tein PAK 300 SW (7.5mmx30cm, MW 
2,000-400,000). 

Normally 10ul of membrane filtered 
standard protein mixture (20 wg protein) or 
5 ul of tilapia muscular protein solution (40 
ug protein) was injected into the HPLC. 
The buffer system as indicated in the text was 
pumped throught the gel filtration columns 
at a flow rate of 1ml/min. The fractions 
containing proteins were eluted out about 27 
ml of indicated buffer, and the UV absor- 
bance at 280nm was used to monitor the 
protein peaks. 


RESULTS AND DISCUSSION 


Effects of different buffer systems on HPLC 
separation of eight standards 


The effects of different buffer systems 
with different pH and ionic strength on the 
HPLC separation of 8 protein standards by 
using the combination columns of protein 
PAK 125 and protein PAK 300 SW were con- 
ducted as shown in Fig. 1. Group A protein 
standards could be separated into 4 peaks 
(Avs) by HPLC eluted with 0.25 M phosphate 
buffer, pH 6.0; pH 6.89; 0.067M phosphate 
buffer, pH 6.74, containing 0.1M KCI; and 
0.05 M phosphate buffer, pH 6.45, containing 
0.3M NaC! (Fig. 1A1, 1A2, 1A3, 1A4). The 
separation of group A proteins by using 
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Fig. 1. HPLC elution patterns of the standard proteins (Azso) nucleotide with differ- 
ent buffers. Column, protein PAK 125+protein PAK 300SW. Flow-rate, 
1.0 ml/min. 
Group A mixture: ferritin, aldolase, ovalbumin, cytochrome C. 
Group B mixture: catalase, albumin, chymotrypsin, adenosine triphosphate. 
Buffers: l 

. 0.25M phosphate buffer, pH 6.0. 

0.25M phosphate bufferm pH 6.89. 

. 0.067 M phosphate buffer, pH 6.74+0.1M KCl. 

0.05 M phosphate buffer, pH 6.45+0.3 M NaCl. 

0.15M CHsCOONa, pH 6.92. 

0.1M CH¿COONAa, pH 7.89. 

0.1M CH¿COON,, pH 6.94. 

0.1 M NazSO., pH 5.9. 

0:25 M phosphate buffer, pH 6.94+0.1 M CH;COONa. 

. 0.25M phosphate buffer, pH 4.43. 
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acetate buffers (Fig. 1A5, 1A6, 1A7 and 1A9) 
and 0.25M phosphate buffer, pH 4.43 (Fig. 
1A10) was poor, since only three peaks were 
obtained from this HPLC columns. And 
merely two protein peaks (A:s) were observ- 
ed by 0.1 M Na.SO, buffer, pH 5.9. 

The same ten different buffer systems 
were also used to separate group B standards. 
The results were shown in Fig. 1B. Four 
peaks could be eluted by 0.25M_ phosphate 


buffer, pH 6.0; pH 6.89; and pH 4.43 (Fig. 


1B1, 1B2 and 1B10). When KCI or NaCl was 
present in phosphate buffer (Fig. 1B3 and 
1B4), the separation would become poor. 
This is different from the separation effect 
of group A proteins. The separation by us- 
ing acetate buffers (Fig. 1B5, 1B6, 
1B9) was also not good, particularly 0.15M 
sodium acetate, pH 6.92 and 0.25 M phosphate 
buffer containing 0.1M sodium acetate, pH 
6.94. Only two protein peaks (A:s) could 
be obtained (Fig. 1B5 and 1B9). From the 
data shown in Fig. 1, phosphate buffer 


A2so 


1B7 and. 
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is a better eluent for separation of these 
proteins, and sodium acetate buffer is the 
worst one. 

If we want to get all eight standard 
peaks eluted from HPLC columns, the better 
eluents should be 0.25 M phosphate buffer, pH 
6.0 and pH 6.89. 


HPLC elution patterns (Ass) of the muscular 
proteins of tilapia 


By using the same columns, the HPLC 
elution patterns of the muscular proteins of 
tilapia eluted by 0.25M phosphate buffer, pH 
6.0 and pH 6.89 were shown in Fig. 2. Seven 
peaks were eluted out by using phosphate 
buffer, pH 6.0 (Fig. 2A). But only five peaks 
could be eluted by phosphate buffer, pH 
6.89 (Fig. 2B). Therefore, pH 6.0 phos- 
phate buffer give better separation efficiency 


- on the muscular proteins of tilapia than pH 


6.89 phosphate buffer does (Fig. 2). This 
result is similar to these phosphate buffers 
separating group B standards. 
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Fig. 2. HPLC elution patterns of the muscular proteins of tilapia. Column, protein 
PAK 125+protein PAK 300 SW; elution buffer, pH 6.0; (2) 0.25 M phosphate 
buffer, pH 6.89; flow rate, a ml/mun. 
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The relationship between molecular weight and 
elution volume 

From the comparison of separation effects 

of different elution buffers on the protein 

standards (Fig. 1) and muscular proteins of 


6.0 was the best eluent. A regression line 
of the eight protein standards with this eluent 


is plotted semilogarithmically in Fig. 3. With 
the combination columns of protein PAK 125 


and 300 SW, the best separation efficiency is 


tilapia (Fig. 2), 0.25M phosphate buffer, pH in the molecular weight from 1,000 to 
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Fig. 3. Relationship between molecular weight and elution volume in HPLC. Elution 
conditions were the same as Fig. 1. Reference compounds: a, Ferritin (450,000); 
b, Catalase (240,000); c, Aldolase (158,000); d, Albumin (68,000); e, Oval- 
bumin (45,000); f, Chymotrypsin (25,000); g, Cytochrome c (12,500), and 


h, ATP (507). 
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400,000. Therefore, ATP (507) and ferritin 
450,000) are out of the range (1,000 to 
4000,000). 
molecular weight of the other six protein 
standard and elution volume was shown in 
Fig. 3. The regression formula of molecular 
weight (log) is equal to 7.76-0.171X (elution 
volume). r=—0.953. The linear relationship 
between molecular weight and elution volume 
for HPLC G 3000 SW columns (Ratge and 
Weisser, 1982), TSK 4000 SK and a combina- 
tion of TSK 4000 PW and TSK 3000 PW 
columns (Williams, er al., 1984), TSK G-SW 
and Synchropak GPC columns (Shimohigashi 
et al., 1983) has been investigated. 


The molecular weight and the relative propor- 
tion of each muscular protein of tilapia 


Seven protein peaks of the tilapia muscle 
could be eluted out by the phosphate buffer, 
0.25 M, pH 6.0 from HPLC columns (Fig. 2A) 
From the linear regression in Fig. 3, Log 
(MW) = 7.61 — 0.171 x elution volume, the 
molecular weight of each protein of tilapia 
muscle can be estimated; peak 1, 400,000; 
peak 2, 143,000; peak 3, 88,300; peak 4, 
24,100; peak 5, 8,000; peak 6, 4,200; peak 7, 
1,000 (Fig. 2A and Table 1). Since the ATP, 


TABLE 1 
The molecular weight and relative absorbancy 
of muscular proteins of tilapia 


Peak Molecular Relative 
number* weight? Da 
(26) 
1 400,000 6.52 
2 143,200 12.00 
3 88,300 26.16 
4 24,100 6.10 
5 8,800 3.25 
6 4,200 17.74 
7 1,000 28.24 
a. Peak,number is labeled in Fig. 2A, from left 
to right. 


b. Molecular weight were determined as de- 
scribed in Results and Discussion. 

c. Percentage of each protein was calculated from 
the area under each peak of muscular protein 
of Tilapia in HPLC analysis (Fig. 2A). 


A linear response between the 
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a nucleotide, can also absorb the light at 280 
nm, peak 7 is a small molecule, and also 
could be a nucleotide or other small biomo- 
lecules. The usefulness of gel HPLC with 
the combination of columns protein PAK 125 
and protein PAK 300 SW in size fractiona- 
tion and molecular weight determination has 
been demonstrated. The advantages of these 
procedures over the conventional soft-gel 
permeation columns are dramatic reduction 
in both analysis time and sample size, and 
increased reproducibility. The relative amount 
of each muscular protein peak in Fig. 2A 
can be estimated (Table 1). Peak 7 has the 
highest quantity, peak 3 is the next, and peak 
6 is the third. In conclusion, from the 
HPLC protein elution pattern of tilapia mus- 
cle, we can estimate the moleular weight and 
relative quantity of each protein peak of 
tilapia muscle. By using these two criteria, 
different tilapia species might be distinquished. 
However, further study should be done before.. 
using the HPLC protein elution pattern as 
the genetic marker of tilapia. 
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m RAH ER BT fe PES AA LAN E ART 


Ke AHR RBH 

ESE OMOSMERA MESA PAK 125 Fu 300SW PRETO > RIERA pH aT 
BEBE AOE GM 8 EREE A ERAEN (A TEE 500 2 450,000 ) YS MER ERBE Mar H 
HLL pH 6.0» 0.25 M ERAR ; TRE 1 ml/min FERRERA > RIVA E A BS ILS 
KREE (HPLC) SERED HT > SVB MD TERN > ARO TO 
Sy AY DSP BELG > FED 400,000 » 143,200 » 88,300 » 24,100 > 8,800 » 4,200 E 1,000 ERBE: EE 
PEREA ATI > RADAR ANA E OTLB e 


